ABSTRACT This paper presents a methodology for building a consensus among the stakeholders based on the level of importance of each evaluation criterion to choose the best final design, approach, or solution for a project. The proposed methodology adopts an improved vague set minimum-cost consensus model (MCCM) and a modified Delphi method. This paper discusses several shortcomings of the traditional MCCM and the Delphi method. It argues that humans' resistance to change based on a numerical rating scale follows a natural logarithm pattern instead of a linear or quadratic pattern as claimed in other studies. Hence, the traditional MCCM needs to be revised accordingly. In addition, an experiment was concluded to compare the proposed consensus-building methodology with the traditional Delphi method. The experiment showed that the proposed methodology is better than the traditional Delphi method regarding using fewer rounds to reach a consensus. At last, this paper applies the proposed methodology to the field of road junction design selection.
I. INTRODUCTION
When undertaking a project, there are always some people or groups being affected. These people or groups are regarded as stakeholders. The engagement of the stakeholders is crucial in the early stage of a project because trust and understanding are built among stakeholders and the project committee, which can help to reduce the risk of failure of the project [1] . Often, involving more people also means increasing the difficulties, time and resources in reaching a consensus. Kwok and Lau [2] delivered a thorough analysis of the difficulties to resolve the conflicts among the stakeholders in an urban planning project. They also showed a way to manage such conflict using a computer-aided conflict resolution methodology. In summary, they suggested that the stakeholders should first build a consensus on the level of importance of the evaluation criteria, instead of arguing over the final results directly. Kwok and Lau [3] also discussed in detail suggestions on using the VS-MCCM and the Delphi method to minimize the time and resources required in reaching a consensus. However, not much data was provided to verify its model. Upon further review of their model, it was found that some improvements could be made concerning the algorithms they proposed.
The theme of this paper is set as the conflict among the stakeholders for choosing the best road junction design for a road junction, i.e. similar to [2] . However, it should be noted that the concepts and model proposed in this paper can be extended to other similar projects for guiding the stakeholders to build a consensus on the level of importance of the evaluation criteria. Specifically, this paper proposes a improved VS-MCCM and a modified Delphi method. These methods aim to reduce the time and resources needed in reaching a consensus in a project. It also presents two experiments to justify the claims made. This paper is divided into six sections: following the introduction, Section II provides a literature review on the methodologies used. The proposed conflict resolution methodology is presented in Section III and verified in Section IV. Section V presents a numerical case study to demonstrate the applicability of the proposed model. Finally, a conclusion is drawn in Section VI.
II. RELATED WORK AND CONTRIBUTION OF THIS WORK
A. RELATED WORK 1) DELPHI METHOD Delphi method was proposed by the RAND Corporation in the 1950s. It aims to reach a consensus of participants' opinions through a series of surveys together with controlled feedbacks on the opinions of each individual [4] . It makes the group communication process more organized, so as to make the communication among the participants more efficient to deal with some complex problems with uncertain outcomes [5] . To be specific, Delphi method structures a survey process into several rounds. In each round, each participant receives a summary of the former round opinions (usually the mean or the median of the responses [6] ) and has an opportunity to change his opinions [7] . Grime and Wright [5] noted that the Delphi method is especially useful when a collective and subjective decision needs to be made, but other methods, such as face-to-face negotiation or mediation, are expensive or infeasible. Hence, the Delphi method is often used in medium or long-term planning. Examples of research include [8] - [10] . However, it has two major shortcomings.
a: HUMANS OFTEN UNDER-REACT TO NEW INFORMATION
Kauko and Palmroos's [11] experiment claimed that human beings often under-react to new information, and even overlook the information contrary to their original view. Such characteristic of human beings leads to little change in their answers in each round of the Delphi method and hence slows down the consensus-building process. Kauko and Palmroos [11] tried to solve this problem by multiplying the opinion of each participant with a constant, but they admitted that determining such a constant was hard in theory. An overestimated constant shall lead to participants' opinions overly changed and cause additional bias to the Delphi results. Also, since the reaction of each participant on the new information in each round of the Delphi process can be different, the adjustment should not be a constant, but instead a variable changing along the Delphi iteration.
b: IT TAKES A LONG TIME TO COLLECT RESPONSES
Another drawback of the traditional Delphi method is a relatively long time in collecting the participants' responses by mail. Therefore, some researchers put their Delphi survey online. For example, Lummus et al. [12] performed their Delphi study on the supply chain flexibility using a passwordprotected Internet site. Indeed, using ICT can make the data collection and handling process much easier. It can also create an opportunity to apply some decision-aided optimization algorithms into the opinion aggregation part of the Delphi method. These algorithms can help the participants to build a consensus in a shorter time.
Because of these two drawbacks, the VS-MCCM is applied to the opinion aggregation part at the end of each round of the Delphi process in this paper.
2) MINIMUM COST CONSENSUS MODEL
Minimum-Cost Consensus Model (MCCM) is a rather new concept proposed in 2007 which aims to guide the conflict parties to reach a consensus with minimum resources. Ben-Arieh et al. [13] , the proposers of the MCCM, claimed that group decision-making often needs more time and resources than individual decision-making, as plenty of time and resources are spent on persuasions. However, few studies focused on minimizing these costs [13] . Minimizing the time is especially crucial for road construction projects because the construction cost often grows with time according to the BIS Tender Price Index of Road Construction [14] .
Therefore, Ben-Arieh and Easton [15] introduced a multicriteria consensus model under linear cost opinion elasticity and Ben-Arieh et al. [13] proposed a single-criterion consensus model with a quadratic cost function to minimize the consensus costs. Zhang et al. [16] translated the model in [15] into linear programming format and introduced an ordered weighted averaging operator for calculating the collective opinion. Kwok and Lau [3] further modified the models in [13] and [16] and applied MCCM to a group structured Delphi method. However, the MCCM described in the above papers involves several problems:
a: HUMANS' LEVEL OF RESISTANCE TO CHANGE (RTC) IS NEITHER LINEAR NOR QUADRATIC
In [3] , [13] , [15] , and [16] , the cost function: f c (o ), which is driven by the difference between adjusted opinions: o and original opinions: o, is assumed to be either linear or quadratic, i.e. f c (o ) ∝ |o − o| or (o − o) 2 . However, EXPERIMENT 1 in Section IV-A, which investigated the relationship between the humans' level of RTC and the magnitude of change of their opinion based on a numerical rating scale, concluded that such relationship follows a logarithm pattern. The results of EXPERIMENT 1 could be due to the variation in the 'just-noticeable difference' at each magnitude of change (Weber's Law). Bernstein [17] gave the following example to illustrate this phenomenon: People often notice and even protest for the 75-cent increase in a 2 dollars' bus fare, but less likely to spot out the same increase in their rent.
b: THE CONSTRAINT ABOUT CONSENSUS RATE IS NOT APPROPRIATE
The constraint about consensus rate in [13] , [15] , and [16] is in the form of |o i −ō | ≤ ε. o i is the adjusted opinion for participant i.ō is the collective adjusted opinion of the participants, which is usually the weighted average or ordered the weighted average of the participants' opinions. |o i −ō | is the distance measurement between o i andō . ε is the threshold determined by the project committee. Referring to their models, a consensus is claimed to have met if and only if every participants' opinion fulfils |o i −ō | ≤ ε. However, as this constraint is considered separately, i.e. participant by participant, it excludes possible solutions that can obtain the same or better consensus rate. In detail, it overlooks the possibility that a participant's opinion getting away fromō can be compensated by other participants' opinion moving in the same direction.
An example is provided in Table 1 and Fig. 1 to illustrate this idea. Suppose there are two sets of new opinions that can be suggested to the participants in a consensusbuilding process. Set A for Participant I to V is {7, 4, 2, 2, 0} respectively. The mean and variance of this set of opinions are 3.0 and 7.0 respectively. Assume the threshold ε is set TABLE 1. An example to counter prove the constraint about consensus rate in [13] , [15] , and [16] .
FIGURE 1.
A graphical representation of the example which counter proves the constraint about consensus rate in [13] , [15] , and [16] . to 4.0. Then, Set A is said to touch the minimum consensus level marginally. Suppose Set B for Participant I to V is {10, 5, 4, 4, 4} respectively with mean equal to 5.4 and variance equal to 6.8. Set B has a lower variance than Set A. As a statistic variance indicates the diversity of a sample, a reduction in a statistical variance with the same sample size can be seen as an increase in consensus level. Hence, from the statistical variance point of view, the consensus rate in Set B is higher than that of Set A. However, Set B is banned if the consensus rate constraint: |o i −ō | ≤ ε in [13] , [15] , and [16] is enforced. It is because the Participant I's opinion cannot fulfil that constraint: |10 − 5.4| > 4.0. As a result, the consensus rate constraint: |o i −ō | ≤ ε overlooks at least one of the possible solutions that can lead to the same or better consensus rate.
This concept is important because sometimes a participant may not want to move his opinion towards the mean, but away from the mean due to his perspective after reviewing others' opinion. Higher cost and time may be incurred to force this participant to shift his opinion towards an opposite direction. Instead, it may be easier to ask other participants who may be less firm in their position to alter their opinion towards that participant's direction to obtain the same or better consensus rate.
Also, Kwok and Lau [3] assumed that the aggregation of the participants' altered opinions must be the same as the suggested optimal group opinion in their algorithm for finding the optimal opinion for each participant. Although this assumption is valid theoretically, this constraint limits the chance of getting a feasible solution in a reasonable time. Indeed, a small difference between the new aggregated opinion and the suggested optimal group opinion may not directly affect the chance of reaching the minimum consensus level at that iteration because the extent of acceptance of the suggested optimal opinion of each participant is stochastic.
c: DOES NOT PROVIDE ANY VERIFICATION ON MULTI-ROUND MCCM
Although the MCCM was proved mathematically or demonstrated using numerical examples in [3] , [13] , [15] , and [16] , the authors of these papers assumed that all participants would follow strictly to the optimal suggestions. No test was performed in a stochastic environment nor a group structured negotiation. Both situations are prevalent in reality.
3) VAGUE SET THEORY
In Cantor's classical set theory, sets are ''distinguishable'' and ''definite''. This approach implies that a given object can only be regarded as ''belonging to'' or ''not belonging to'' a given set [18] . This operation restricts the opportunity for the classical set theory to manage data with ambiguity. Since human subjective decisions with preferences are usually vague and imprecise, some information may lose if their preferences are recorded in exact numbers [19] . The vague set theory was introduced with the aim of tackling the uncertainty of a human subjective decision. A vague set in a universe U involves two function: a true membership function, α v between 0 and 1 (evidences that support u ∈ U ) and a false membership function,
is the hesitation region which reflects the hesitation level of a human in his response) [20] .
B. CONTRIBUTIONS OF THIS WORK
Concerning the results of the literature review, this paper modifies the traditional MCCM and Delphi method and uses them as the core of the proposed conflict resolution methodology. This paper should bring the following contributions to the research field of conflict management and management science.
• First, it proposes a consensus-building methodology (a decision support system) to reduce the time and resources needed for the stakeholders to build a consensus on the evaluation criteria. Such act can reduce the risk of delay and budget being overly used in the projects.
• Second, such consensus-building methodology is based on a modified MCCM, Delphi method and vague set theory. This paper has made some important changes in the traditional Delphi method and MCCM. VOLUME 6, 2018 These modifications have addressed the discussed limitations of the past research about the Delphi method and MCCM.
• Third, it presents two experiments (in Section IV) to support the claims made in this paper. In particular, Experiment 1 verified that the relationship between humans' level of RTC and the magnitude of change based on a numerical rating scale is following a natural logarithm pattern, instead of a linear nor quadratic pattern as suggested in [3] , [13] , [15] , and [16] . Experiment 2 proved that the modified Delphi method is more efficient than the traditional Delphi method in reaching a consensus regarding using fewer Delphi rounds.
• Forth, while the use of the VS-MCCM and the Delphi method on the topic of road junction design selection is seldom studied in the literature, a numerical case study is presented in Section VI to demonstrate its applicability.
III. PROPOSED CONSENSUS-BUILDING MODEL
The proposed consensus-building model involves the following steps.
Step 1 -Preliminary Work:
All stakeholders who shall be affected by the decision of the road junction design, such as the residents living nearby, engineers and environmentalists, are invited to join the decision program. These stakeholders are then combined into groups according to their declared nature and knowledge to ensure the quality and representativeness of the consensus.
Step
-Delphi Process Round 1:
Some open-ended questions are asked to explore some general ideas about the topic, e.g., ''What criteria do you think are needed to be considered when choosing the most suitable road junction design?''. The responses are summarized at the end of Round 1.
Step 3 -Delphi Process Round 2: Each stakeholder receives a summary of responses prepared by the project committee. The stakeholders are required to rate the level of importance of the evaluation criteria summarized in Round 1. If the minimum consensus level is reached at the end of this round, the Delphi process will terminate. Otherwise, the responses will be summarized, and the suggested opinions for Round 3 will be calculated.
-Delphi Process Round 3 and Onwards:
Each stakeholder receives a summary of the rating, such as the mean, mode and median of the responses, the reasons provided by the participants in Round 2 and the suggested opinions calculated by the system. The stakeholders are allowed to alter their judgement based on the information provided above. If the minimum consensus rate still cannot be reached among the groups or within a group, another round of Delphi process will be carried out. The responses in this round will be summarized, and the suggested opinions for Round 4 will be evaluated. The Delphi process will repeat until a certain consensus level is fulfilled or the maximum Delphi loop is reached. Otherwise, the importance rates for each criterion will be aggregated using a weighted average method and such aggregated number will be passed to the multi-criteria decision-making process for obtaining the final decision about the road junction design to be used.
It should be noted that Steps 1, 2 and 4 are the same as what was proposed in [3] . This paper alternatively focuses on Step 3, in particular, the way to calculate the suggested opinions.
Starting from Step 3 in Delphi method Round 2, all participants are required to rate the level of importance of the evaluation criteria after they have reviewed the summary of Round 1. As discussed in the literature review, there are always some ambiguity and uncertainty in human subjective decisions including preference, so the scale shown in Fig. 2 is recommended to be used to rate the importance. Different from the conventional numerical rating scale, which only allows the participants to select one number, this scale allows the participants to circle a range of numbers depending on their hesitation level towards their answers.
After that, the project committee is required to prepare a summary of all participants' opinions, which will be distributed to the participants for consideration in the next round of the Delphi survey, i.e. Round 3. This approach is a standard practice in the conventional Delphi method. In contrast, this paper involves one more step in the summary process. To provide some guidance and direction of changes to the participants in the next round of the Delphi survey, the following modified VS-MCCM is used to calculate the suggested opinions for each participant for the next round of the Delphi survey. The reason for adopting the VS-MCCM is to facilitate the participants to reach the targeted consensus level with fewer resources and time.
A. NOTATIONS AND FUNCTIONS
The following notations and functions are used for obtaining the suggested opinions for each criterion at each Delphi round:
• N P -The total number of participants.
• N P j -The number of participants belonging to group j, as declared by the participants themselves in the preliminary work.
• N G -The total number of groups, as divided in the preliminary work.
• N C -The total number of criteria, as concluded in Delphi process Round 1.
• W P ij -The subjective weight assigned to participant i in group j by the project committee for all criteria, to balance the negotiation power of the participants, such P. K. Kwok, H. Y. K. Lau: Modified Consensus-Building Methodology for Reaching a Group Decision Using Minimum Costs
(1)
• W G jk -The subjective weight assigned to group j by the project committee for criterion k, to balance the negotiation power of the groups, such that
(Many factors can be considered when determining W P ij and W G jk . For example, the expected familiarity or representativeness of each participant/group to the topic and the expected resources that needed to be consumed for persuading a participant/group to alter his opinion by one degree.)
The original rating given by participant i in group j on criterion k.
The altered rating given by participant i in group j on criterion k.
•
The altered aggregated opinion rating of group j on criterion k.
• H P -The threshold hesitation level defined by the project committee for all participants and criteria.
• H G -The threshold hesitation level defined by the project committee for all groups and criteria.
• E P,M -The minimum acceptable consensus level (rate) defined by the project committee for every criterion among all members in a group.
• E G,M -The minimum acceptable consensus level (rate) defined by the project committee for every criterion among all groups. It is also called the minimum overall consensus level.
• E P,T -The targeted consensus level (rate) defined by the project committee for every criterion among all members in a group, such that
• E G,T -The targeted consensus level (rate) defined by the project committee for every criterion among all groups. It is also called the targeted overall consensus level, such that
(Targeted consensus levels are set to be higher than the minimum acceptable consensus levels because the case that all participants follow exactly to the system's suggestions is rare. Therefore, a buffer is needed to allow some space for rejection. The level of the buffer can be determined by observing the history of how likely the participants/groups in similar projects accept the system's suggestions.)
. (7) • c õ P ijk ,õ P ijk -The cost function for participant i in group j to alter his opinion for criterion k fromõ P ijk toõ P ijk , such that
(The relationship between humans' level of RTC and the magnitude of change from their initial opinion based on a numerical rating scale follows a natural logarithm pattern according to the conclusion of Experiment 1 in Section IV.)
• ε(õ 1 ,õ 2 , . . . ,õ N ) -The consensus rate among the N opinions, such that
• η(õ) -The hesitation involved in an opinion, such that
B. OPTIMAL OPINIONS DETERMINATION
The following three steps are used to obtain the suggested opinion for each criterion. Let's take criterion k as an example.
1) STEP A -GROUP THE PARTICIPANTS' OPINION
The opinion of each participant in each group on criterion k is aggregated using (3) to obtainõ G jk .
2) STEP B -DETERMINE THE SUGGESTED GROUP OPINION FOR EVERY GROUP
The following equation is used to obtain the optimal group opinion for criterion k for each group in the Delphi survey, such that the total magnitude of change required for VOLUME 6, 2018
the groups is minimized. In other words, the total time and resources needed for persuading the groups can be reduced:
By solving (12), the optimal opinion for each group on criterion k, denoted asõ G * jk , is obtained. If every group follows exactly toõ G * jk , the targeted consensus rate E G,T is guaranteed to be reached by making minimal changes.
3) STEP C -DETERMINE THE SUGGESTED INDIVIDUAL OPINION FOR EVERY PARTICIPANT
After obtaining the suggested opinion for the groups, the following equation is run for each group (j = 1, 2, . . . , N G ) to determine the suggested opinion for each participant in that group on criterion k, such that the total magnitude of change required for the participants in that group is minimized. In other words, the total time and resources needed for persuading the participants in that group can be reduced:
By solving (13), the optimal opinionõ P * ijk for each participant in group j on criterion k is reached. If every participant in group j follows exactly toõ P * ijk , the targeted consensus rate E P,T is guaranteed to be reached within group j by making minimal changes. Allõ P * ijk are expected to be returned together with the summary in the next Delphi round (e.g. Round 3) for participants to consider.
IV. EXPERIMENTATION A. EXPERIMENT 1
The experiment aims to look into the relationship between humans' level of RTC and the magnitude of change from their initial opinion based on a numerical rating scale. 
1) SAMPLE
30 undergraduate students/ bachelor degree holders at the age between 10 and 29 (10-19: 47%, 20-29: 53%; male to female ratio 1:2) were invited randomly at The University of Hong Kong campus to join the experiment.
2) PROCEDURES
The participants were given a situation that they were planning to go for a vacation to Taiwan from Hong Kong and needed to negotiate with their friends on the length of stay (minimum 1 and maximum 19 days) in Taiwan. The participants were told that there was a computer system with enough artificial intelligence which could give them suggestions on the most appropriate travelling duration in Taiwan. If all of them followed the suggestions, a consensus could be built at once. It was assumed that the participants' original opinion was to stay for 10 days. During the experiment, they received a list of suggestions about the length of stay in a random order and was required to rate their level of RTC using a scale of 0-100. Fig. 3 is an example of the questions received by the participants.
3) RESULTS AND CONCLUSIONS
The results were divided into two groups: suggestions bigger than 10 (participants' original opinion) and suggestions smaller than 10 to see whether the level of RTC follows a different rule when the difference to the original opinion is positive or negative. To make every single record comparable, each result was normalized between 0 and 1 by dividing each participant's level of RTC to his maximum level of RTC in that group. By taking the mean of the 30 records, Fig. 4 was obtained (1 while 0 represents the opposite). As a result, two logarithmliked curves were obtained, i.e. there was a higher rate of increase in resistance when the opinion difference was low and vice versa. To carry out a more detailed test, each record of the exponential value of the normalized 'resistance to change' (e y(|x|) ) was plotted against the absolute value of the difference from the original opinion (|x|). The results of the two groups are shown in Fig. 5 .
Both groups were claimed to be statistically significant under the 95% confidence level. A t-test was performed to verify the regression finding in each group. The null hypothesis of each test assumed that there was no linear relationship between the independent variable (x) and the dependent variable (e y(|x|) ), i.e. the slope coefficient (β 1 ) of a linear plot y = β 0 + β 1 (x) was equal to 0 (H 0 : β 1 = 0). In contrast, the alternative hypothesis of each test assumed that there was a linear relationship between the independent variable and the dependent variable (H 1 : β 1 = 0). It was found that the p-values for Group A and Group B were 9.03 × 10 −55 and 1.23 × 10 −87 respectively, which were both much smaller than 0.05 in a 95% confidence level. Hence, the null hypothesis (H 0 ) of both cases was rejected. These rejections suggested that the effect of the regressor (x) on the (e y(|x|) ) should not be ignored in both cases. In summary, there was strong evidence to conclude that the relationship between humans' level of RTC and the absolute difference from the original opinion is following a natural logarithm curve instead of the power of 1 or 2 as suggested in [3] , [13] , [15] , and [16] .
B. EXPERIMENT 2
The experiment aims to test whether the modified Delphi method is more efficient (using fewer Delphi rounds) than the traditional Delphi method in reaching a consensus when the extent of acceptance of every participant to the system's suggestion is stochastic.
1) SAMPLE
A computer simulation was run for 2000 times using Python 2.7.
2) PROCEDURES
The experiment was divided into two groups for comparison.
a: GROUP A -TRADITIONAL DELPHI METHOD
This group of experiments simulated the situation that the traditional Delphi method was used. In each round of the Delphi method, feedbacks with reasons were provided to persuade the participants to reach a consensus. Referring to the definition of the Bandwagon Effect, people are more likely to adopt another belief when the size of the population of such belief increases [21] . Based on this idea, it is rational to claim that people are trying to approach the mode of the opinions in the traditional Delphi method. Hence, the program of Group A was designed to follow the steps below.
Delphi Round N (N Starts From 1):
Step 1: 1000 participants were generated. Every participant was assigned an opinion represented in a range of numbers. This opinion assignment method assumed that the participants could circle a range of values depending on their certainty to their answer using a scale of 1-9 like Fig. 2 . It is noted that although the participants would not build a consensus in groups in Group A, they were still evenly divided into 10 groups when their opinions were generated. The reason behind this action was to produce the opinions following the same method as in Group B because Group A was a control experiment of Group B. The logic of opinion generation is closed to reality because participants usually come from groups sharing similar goals. Let the beginning of the range be a, and the end of the range be b, where a and b are integers. a and b were generated randomly using a triangular distribution, which was unique for each group. Its minimum attribute, maximum attribute and mode attribute were produced following a uniform distribution between 1 and 9, such that the minimum attribute ≤ mode attribute ≤ maximum attribute. The gap between a and b formed the hesitation level of a human in his response. The opinion of each participant in VOLUME 6, 2018 the form of a range of number was then turned in to a vague value:
Step 2: The importance weight of each participant was also generated using a uniform distribution between 1 and 9. They were then normalized, such that the summation was equal to 1.
Step 3: The overall consensus rate among all participants was calculated using (10) . If the minimum consensus rate: 85% was reached at this stage, the program would return to
Step 1, and this iteration would not be counted.
Step 4: Every participant was assigned a set of probabilities of refusing to change his opinion to a certain extent, referring to the probability frequencies as listed in Table 2 . These probabilities were used in the decision logic of the participants. To be specific, they controlled whether and to what extent the participants would like to follow the systems' suggestions (More explanations will be provided in
Step 6). The frequencies in Table 2 were created using the data collected in Experiment 1 in Section IV-A, which was about the relationship between people's level of RTC and the magnitude of change from their original opinion. It was assumed that the probability of rejection of a participant was directly proportional to his level of RTC.
Step 5: The statistic mode of the participants' opinion was calculated. The statistical mode was passed to the participants for consideration in the next round of the Delphi survey.
Delphi Round N + 1:
Step 6: Each participant decided whether and to what extent they would follow the statistical mode obtained in
Step 5. Their decision behavior was modelled using a Markov Chain-liked decision process. The program first checked whether the participant would accept exactly to the statistic mode. If the magnitude of change from the participants' initial opinion was greater than the ceiling of change allowed in the program which was set as 5 using a 1-9 scale perspective, the program would check whether he wanted to adjust his opinion to the ceiling instead. If the participant refused to switch his opinion to that extent, the program would try alternatively one unit farther from the statistical mode and closer to the original opinion. This process would be repeated until the participant accepted the suggestion at a certain stage or the magnitude of change touched 0, which means the participant refused to make any movement at this Delphi round. The refusing behavior of each participant was guided by the probabilities assigned to him/her in Step 4. For example, suppose the original opinion of a participant is 3, and the statistical mode of all the participants' opinion is 5, i.e. the magnitude of change from his original opinion is equal to 2. If this participant refuses to change to 5, the program will reduce the magnitude of change from his opinion to 1, i.e. to check whether he wants to change his opinion to 4. In case this participant still refuses to change his opinion to 4, and because the next closest point to his original opinion is 3 which is also his original opinion, i.e. the magnitude of change from the initial opinion is equal to 0, this participant will be concluded to stay unchanged in this Delphi round. In case more than one values were obtained in the statistical mode, it was assumed that the participants would randomly choose to follow one of them.
Step 7: The overall consensus rate was calculated using (10) after all the participants had updated their opinion. If the consensus rate was smaller than the minimum overall consensus rate: 85%, the program would return to Step 5. Otherwise, the program would claim that the participants had built a consensus, and it would record the number of rounds needed to build the consensus, which was the total number of Delphi rounds looped in this experiment.
b: GROUP B -MODIFIED DELPHI METHOD
This group of experiments imitated the situation that the proposed VS-MCCM and Delphi method were used. Therefore, different from Group A where all participants were regarded as one big group, the consensus-building process here involved two levels: building a consensus among the groups (overall consensus-building process) and building a consensus among the team members inside each group. Also, VS-MCCM was used at the end of each round of the Delphi survey to calculate the suggested opinion for each participant in the next round of the Delphi survey. Following the ideas above, the program of Group B was designed to follow the steps below.
Delphi Round N (N Starts From 1):
Step 1: 1000 participants were generated. Since the participants were to build a consensus in groups in this experiment, they were divided evenly into 10 groups. The opinion generation method here was the same as that in GROUP A -TRADITIONAL DELPHI METHOD.
Step 2: The importance weight of the participants W P ij and the groups W G jk were generated randomly between 1 and 9 and normalized such that (1) and (2) were fulfilled.
Step 3: For each group, the participants' opinionsõ P ijk inside each group were aggregated into the group's opinionõ G jk using (3).
Step 4: The overall consensus rate was calculated using (10) . If the minimum overall consensus rate E G,M : 85% was reached at this stage, the program would return to Step 1, and this iteration would not be counted.
Step 5: Same as GROUP A -TRADITIONAL DELPHI METHOD, every participant was assigned a set of the likelihood that the participant would refuse to shift his opinion to a certain extent, referring to the probability frequencies in Table 2 . These probabilities formed the decision logic of the participants, which controlled whether and to what extent the participants would like to follow the systems' suggestions.
Step 6: The optimal set of group opinions for reaching the targeted overall consensus rate E G,T : 90% was calculated by solving (12) using a chaos-enhanced accelerated particle swarm algorithm (CAPSO) proposed in [22] .
Step 7: The optimal sets of participants' opinions for reaching the targeted consensus rate within the groups E P,T : 85%, i.e. the suggestions of next Delphi round, were calculated by solving (13) multiple times also using CAPSO.
Step 8: The decision behavior of the participants was modelled using the same approach as GROUP A -TRA-DITIONAL DELPHI METHOD, i.e. a Markov Chain-liked decision process. The refusing style of the participants was guided by the rejection probabilities assigned to them in
Step 5.
Step 9: The consensus rate within each group was calculated using (10) after all the participants had updated their opinion. If the consensus rate in any group failed to reach the minimum consensus rate within a group E P,M : 75%, the program would return to Step 7.
Step 10: For each group, the participants' opinions were aggregated into the group opinion using (3). Then, the overall consensus rate was calculated using (10) . If the overall consensus rate was smaller than the minimum overall consensus rate E G,M : 85%, the program would return to Step 6. Otherwise, the program would claim that the groups had built a consensus, and it would record the number of rounds needed to build the consensus. Since the consensus-building process was divided into two levels, the number of rounds needed to build the consensus was calculated by adding up all the largest rounds needed to build a consensus within the groups in each Delphi loop, i.e. summing up all the largest sub-rounds in each round of the global Delphi process. The key assumption of this key performance indicator was that all groups would wait until every group had built a consensus within itself before going for the overall consensus-building process. This assumption is valid in a real-life situation.
3) RESULTS AND CONCLUSIONS
The average number of rounds, including the first round which was always set to fail in this experiment by default, needed for the traditional Delphi method (Group A) and the modified Delphi method (Group B) to achieve the same level of minimum overall consensus rate E G,M : 85% were 2.52 (variance = 0.25) and 2.01 (variance = 0.01) respectively. A t-test was conducted to check whether the difference between the two means could be claimed as statistically significant under a 95% confidence level. The null hypothesis of the t-test assumed that the two means were equal, i.e. H 0 : µ A = µ B , whereas the alternative hypothesis assumed that the two means were not equal, i.e. H 1 : µ A = µ B . As a result, the p-value of the two-tail test was 0.00 < 0.05, and the t-statistics was much bigger than the t-critical value of the two-tail test: 45.24 > 1.96. Hence, the null hypothesis was rejected. Therefore, it was statistically significant to conclude that the modified Delphi method performed better in this experiment under a 95% confidence interval.
It should be noted that this experiment did not include the benefits of a more organized communication and a guarantee of the minimum consensus rate E P,M : 75% within the groups. Moreover, although the hesitation level was not set as the termination criterion nor the performance indicator in the program, an average lower hesitation level in the final result was recorded in the modified method (H P and H G were set to 0.2) than the traditional method in the same test, which were 0.17 and 0.39 respectively. This result was also verified in a t-test to be statistically significant under 95% confidence level (p-value for the null hypothesis assuming the two means were the same was 0.00 < 0.05 and the t-statistics was much bigger than the t-critical value of the two-tail test: 58.01 > 1.96).
Moreover, since both the opinions and importance weights were generated randomly, the conclusion of this experiment can be extended to any area in which the stakeholders need to express their opinions using a numerical rating scale.
V. NUMERICAL CASE STUDY A. CASE STUDY
A case study about the design selection problem of a road junction is presented in this section to give a clearer demonstration of how the proposed model works numerically. A 4-arm junction is supposed to be designed. For simplicity, suppose there are only 9 participants (P 1 , P 2 , . . . , P 9 ) who would like to join and express their opinion during the consultation period. They are evenly classified into three groups, namely drivers (G 1 ), engineers (G 2 ) and members of the finance committee (G 3 ), according to their background, interest and knowledge. The primary interest of each group is shown in Table 3 . Based on this setting, a hot debate about the junction choice is expected participants are put into face-toface negotiation. To simplify the problem, assume that there are only three evaluation criteria, namely the average delay time of the vehicles (C 1 ), accident rate (C 2 ) and maintenance cost (C 3 ), in the conclusion of the Delphi process Round 1. Then, in Delphi process Round 2, the participants are required to rate the level of importance of those three evaluation criteria. Suppose Table 4, Table 5 and Table 6 are the initial opinions towards the level of importance of C 1 , C 2 and C 3 respectively received from the participants in Delphi process Round 2. The group opinions can be found using (3) and are displayed in Table 7 . Also, the initial consensus rate within G 1 , G 2 and G 3 for the criteria (E P jk ) and the initial overall consensus rate for C 1 , C 2 and C 3 (E G k ) can be calculated using (10) . The results are presented in Table 8 and Table 9 respectively.
Suppose the project committee set the parameters of the VS-MCCM and the consensus-building process according to Table 10 and judge the importance weight of each participant and group referring to Table 11 and Table 12 respectively. Since all the three initial overall consensus rates (E G k ) are less than the minimum overall consensus rate (E G,M = 85%), there is a need to perform a further round of the Delphi process. As discussed before, in order to provide some guidance on the direction and magnitude of change for every participant with the aim of reaching the minimum consensus level with the fewest resources, the VS-MCCM proposed in this paper is used to calculate the suggested opinions for the Delphi process Round 3. The followings are the steps of the proposed VS-MCCM method.
1) STEP A -GROUP THE PARTICIPANTS' OPINIONS
First of all, the participants' opinions in each group are aggregated by (3) to obtain group opinions (õ G jk ). The results are presented in Table 7 .
2) STEP B -DETERMINE THE SUGGESTED GROUP OPINION FOR EVERY GROUP
Next, by plugging in the initial group opinions into (12) and solving it, the optimal opinions for each group (õ G * jk ) to reach the targeted overall consensus level (E G,T = 90%) with the least cost can be obtained. They are displayed in Table 13 . Table 14 shows the overall consensus rates if those optimal opinions (õ G * jk ) are used. 
3) STEP C -DETERMINE THE SUGGESTED INDIVIDUAL OPINION FOR EVERY PARTICIPANT
After obtaining the suggested opinion for each group (õ G * jk ), (13) is repeatedly used in each group to obtain the suggested opinion for each participant inside that group. The calculation results are displayed in Table 15 . If all participants follow these optimal opinions, the targeted consensus level within the groups (E P,T = 85%) can be reached with the least amount of resources. To illustrate, Table 16 presents the consensus rates within the groups if the optimal opinions are used. These optimal opinions are going to be reported to the participants involved in the Delphi process Round 3, suggesting them to follow. Compared the optimal opinions in Table 13 and Table 15 with the original opinions in Table 4 to Table 7 , some groups and some participants are not required to make any change or only have to make small adjustments to achieve the targeted consensus levels (E G,T , E P,T ). By reading the results in Table 13 and Table 15 , the project committee can gain a better insight into the way to better allocate the time and resources on hand to facilitate the consensus-building process among the participants. For example, more time and resources can be given to those participants who need to make a bigger change.
Assume that all the participants agree to shift their opinions in the Delphi process Round 3 according to Table 15 . Then, the new group opinions (õ G# jk ) will be Table 17 , which is a bit different from Table 15 . The difference between the two tables is mainly because (13) does not constrain that the aggregation of the participants' altered opinions within a group must be the same as the suggested optimal group opinion for that group when finding the optimal opinion for each participant inside that group. Instead, (13) just tries to minimize the difference between those two values in its objective function. Releasing that constraint increases the chances of getting a feasible solution in a reasonable time. Indeed, a small difference between the new aggregated opinion and the suggested optimal group opinion will not directly affect the chance of reaching the minimum consensus level (E G,M ) because the extent of acceptance of the suggested optimal opinion of each participant is stochastic. Table 18 lists the overall consensus level for the criteria in case the new group opinions in Table 17 are used. Obviously, although they are slightly different from the targetted overall consensus level (E G,T ) and the optimal overall consensus level (E G * k ), they all meet the minimum acceptable consensus level (E G,M = 85%), i.e. the termination criterion of the Delphi process. Hence, the Delphi process can be stopped, and these common opinions can be used as the importance weight of multiple-criteria decision-making algorithms like TOPSIS.
B. VERIFICATION OF THE CASE STUDY RESULTS
As illustrated in the model in Section III as well as the case study in this section, each participant is given an opportunity to influence the selection outcome by expressing their views and opinions in every round of the Delphi method. This is in line with the definition of the word ''consensus'' made by Ness and Hoffman [23] : ''a decision that has been reached when most members of the team agree on a clear option and the few who oppose it think they have had a reasonable opportunity to influence that choice. All team members agree to support the decision''.
In Round 2 of the Delphi process, VS-MCCM is used to determine the opinions where the participants' movements and the consensus cost are the least, and at the same time, the targeted consensus levels (E G,T and E P,T ) are reached. In the case study, as shown in Table 9 and Fig. 6 , the initial overall consensus rates for the three criteria are only 69 − 78%, which are all less than the minimum acceptable level (E P,M ): 85%. However, if the optimal opinions in Table 15 are used, all of the overall consensus rates will climb up to at least 89% as shown in Table 18 and Fig. 6 . Although the consensus rates within the groups decrease as shown in Table 16 and Fig. 7 , such drops in consensus rate are acceptable. It is because during consensus making, especially for government project consultation, the goal is not to reach to a 100% consensus level among the groups or participant, but to meet at least the minimum consensus level (E G,M ) set by the project committee. VOLUME 6, 2018 Moreover, by considering the results in Table 7 and  Table 13 , less change is suggested to the groups who are more important, i.e. with a higher importance weight (W G jk ). This result makes the proposed approach sound logical because the change of opinions of the groups who have more knowledge or importance in the field is always less preferred. Similar results are also found in most of the within-group consensus cases, i.e. comparing the results in Table 9 to Table 11  and Table 15 . The reason why such observation is not strictly followed in some of the within-group consensus cases is mainly due to the need to consider the optimal group opinions (õ G * jk ) when doing the optimization process in these cases.
VI. CONCLUSIONS
Stakeholder engagement is crucial when carrying out a project. However, it often requires extra time and resources to build a consensus among these stakeholders. Such a phenomenon often increases the risk of delay and budget being overly used in the projects. This paper introduces an updated consensus-building methodology to reduce the time and resources needed for the stakeholders to build a consensus on the level of importance of the evaluation criteria. The proposed model is based on an improved VS-MCCM and a modified Delphi method. It incorporates several essential changes to improve the traditional Delphi method and MCCM. Also, this paper presents two experiments to support the claims made and the methodology proposed. Experiment 1 concluded that the relationship between human's level of RTC and the magnitude of change based on a numerical rating scale is following a natural logarithm pattern, instead of a linear nor quadratic pattern as suggested in [3] , [13] , [15] , and [16] . Experiment 2 showed that the proposed methodology is more efficient than the traditional Delphi method in reaching a consensus regarding using fewer Delphi rounds. Moreover, a case study about the selection of designs for a 4-armed road junction was discussed to demonstrate the applicability of the proposed method. Further research should be done to illustrate the detailed breakdown of the importance weight of each participant and group. Also, a sensitivity study will be conducted to evaluate the performance of the proposed model in different targeted consensus rates and the minimum consensus rates.
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